Introduction
Maternal recognition of pregnancy in the sow may involve embryonic production of oestrogen with a resultant rise in uterine blood flow. The embryonic signal which initiates luteal maintenance occurs on about Day 12 after mating in the sow (Dhindsa & Dziuk, 1968) and is associated temporally with a transient increase in blood flow to the gravid uterine horns (Ford & Christenson, 1979) . The pig embryo develops the capacity to synthesize oestrogens in vitro by Day 12 of gestation (Perry, Heap, Burton & Gadsby, 1976) . Oestrogens are known to exert a profound effect on uterine haemodynamics, with increases in blood flow to the porcine uterus being observed following oestrogen administration (Dickson, Bosc & Locatelli, 1969) .
Prostaglandin (PG) F-2a causes premature luteal regression in hysterectomized (Moeljono, Bazer & Thatcher, 1976) and intact non-pregnant (Connor, Phillips & Palmer, 1976 ) gilts with corpora lutea (CL) more than 12 days of age. In addition, elevated levels of PGF-2ct in utero-ovarian venous blood are temporally associated with declining plasma progesterone concentrations during the oestrous cycle (Gleeson, Thorburn & Cox, 1974) . However, concentrations of PGF-2a in utero-ovarian venous blood of pregnant gilts are significantly reduced on Days 13-17 after mating when compared to those in non-pregnant gilts on similar days after oestrus (Moeljono et al, 1977) . Oestrogens of embryonic origin appear to act locally and directly to increase uterine blood flow in pigs, coincident with decreasing concentrations of PGF-2ct in utero-ovarian blood and may, therefore, function to dilute its luteolytic activity.
The present study was conducted to correlate uterine arterial blood flow with uterine content and secretion of oestrone and oestradiol-17ß of sows on Days 11, 13 and 15 of the oestrous cycle or gestation and to examine their role in maternal recognition of pregnancy. [2,4,6,7-3H(N)]Oestrone (sp. act.~115 Ci/mmol) and [2,4,6,7-3H(N)oestradiol:17ß (sp. act. 96 Ci/mmol) were obtained from New England Nuclear (Boston, Massachusetts) and~1000 d.p.m. of each were added to 5 ml serum or uterine flushings to correct for procedural losses. After 30 min samples were extracted twice with 5 ml benzene:hexane (2:1 v/v). Extracts were dried under nitrogen gas flow, and oestrone and oestradiol-17 ß were separated from each other on columns (7 mm i.d.) of Sephadex (1 g) as described by Carr, Mikhail & Flickinger (1971) . Columns were eluted with benzene : methanol (90:10 v/v), and four sequential fractions were collected: 3 ml = discard, 2-5 ml = oestrone, 1 ml = discard, and 5 ml = oestradiol-17ß. Eluates were dried under nitrogen gas flow, reconstituted in phosphate-buffered saline (pH 7-5, 0-2% gelatin), and an aliquot of each was taken to determine percentage recovery which was 85 and 70% for oestrone and oestradiol-17 ß, respectively.
The oestrogens were measured by a radioimmunoassay which utilized an ovine antiserum (S-310 No. 5, purchased from G. Abraham, Torrance, California). This antiserum was prepared against oestriol-3-trisuccinate-serum albumin and cross-reacted equally with oestrone and oestradiol-17ß (100%) and only slightly less with oestriol (78%) as specified by Tulchinsky & Abraham (1971) . The assay system of Tulchinsky & Abraham (1971) was used except that the concentration of gelatin in the assay buffer was 0-2% and the assay was incubated overnight at 4°C before addition of dextran-coated charcoal. The precision and accuracy of this procedure were evaluated in triplicate by adding 25 , 50, 100 and 200 pg oestrone or oestradiol-17ß to 5 ml serum from an ovariectomized pig. These standard sera were assayed, and the oestrone or oestradiol-17 ß concentration of the blank was subtracted. The resulting oestrone concentrations (fs.e.m.) were 13-6 ± 0-7, 27-5 ± 1-6, 48-0 ± 1-8, 101-3 ± 6-7 and 210-8 ± 5-2 pg and the oestradiol-17ß concentrations (±s.e.m.) were 14-3 ±1-1, 26-7 ± 2-5, 48-5 ±4-9, 107-2 ± 2-8 and 216 ± 5-0 pg. For a pool of serum that was included in every assay and contained 13 pg oestrone/ml and 25 pg oestradiol-17 ß/ml, interassay coefficients of variation were 12% for oestrone, and 18% for oestradiol-17 ß.
Beginning the day after surgery, sows were checked daily for oestrous activity with a mature boar. Post-operative difficulties occurred with two Day-11 and one Day-13 non-pregnant sows and one Day-11 pregnant sow; thus data from these animals were not obtained.
Blood flow (ml/min) was averaged for each artery over the 20-30-min monitoring period and this average was considered as a single observation for statistical analyses. Uterine arterial blood flow responses and changes in serum concentrations of ovarian steroids were analysed by factorial analysis of variance techniques (Kirk, 1968) . Means were compared by linear contrasts.
Results
There were no differences in the concentrations of the two oestrogens in the uterine arterial and uterine venous blood of non-pregnant sows on Days 11, 13 or 15 of the oestrous cycle (Table 1) . In pregnant sows, however, concentrations of oestradiol-17 ß were greater (P < 0-05) in uterine venous blood than in uterine arterial blood on Days 11 and 13 of gestation ( Oestrous cycle lengths are shown in Table 3 . The mean value for the non-pregnant sows was 21-5 ± 0-4 days, while that for pregnant sows with uteri flushed on Days 13 and 15 was 26-1 ± 0-5 days.
Discussion
Previous results (Ford & Christenson, 1979) have demonstrated a local influence of the conceptus in increasing blood flow to gravid uterine horns of sows on Days 12 and 13 of gestation which have been shown to be the critical days for pregnancy recognition in this species (Dhindsa & Dziuk, 1968) . This association between increased uterine blood flow and pregnancy recognition was confirmed in the present study which demonstrated a significant increase in uterine arterial blood flow on Day 13 of gestation, the first day on which flushing of embryos from the uteri lengthened the interval to next oestrus. These data also demonstrate that increased concentrations of oestrone and oestradiol-17ß in uterine flushings from pregnant sows are associated temporally with the observed increase in uterine blood flow on Day 13 of gestation. By Day 15 of gestation, uterine blood flow and elevated concentrations of oestrogens in the uterine lumen had declined significantly when compared with values on Day 13, further suggesting an association between the levels of uterine oestrogens and the transient increase in uterine blood flow.
Concentrations of oestradiol-17ß but not oestrone were greater in uterine venous blood than uterine arterial blood on Days 11 and 13 of pregnancy and reflect the higher content of oestradiol-17ß than oestrone found in uterine flushings from pregnant sows in this study. These data are in agreement with those of Moeljono et al (1977) (Gardner, First & Casida, 1963) or into the uterine lumen (Ford & Magness, 1980) (Moeljono et al, 1977) . It has been demonstrated that 15-keto-13,14-dihydroprostaglandin F-2a is the major blood plasma metabolite of PGF-2a in systemic blood (Kindahl, Edqvist, Granström & Bane, 1976) and it has been suggested that measurement of the metabolite may be the best means of following PGF-2a release in vivo. If this premise is true, a greater amount of PGF-2a is being secreted by uteri of pregnant than non-pregnant gilts on days critical for pregnancy recognition in this species. The reduced concentrations of PGF-2a in uterine venous blood during this period of early pregnancy may result from dilution of PGF-2a by the increased quantitities of uterine venous blood associated with the transient rise in uterine blood flow. These data do not, however, preclude an additional direct luteotrophic effect of uterine oestrogens on luteal function for which we have some evidence (Ford & Magness, 1980 (Anderson, 1978) . In the present study, only Day-11 embryos which had begun to increase in diameter were associated with increased levels of oestrogens in uterine luminal fluid, suggesting an association between conceptus growth and oestrogen secretion. The process of rapid conceptus elongation is completed by Day 13 of gestation, with implantation beginning as early as Day 13 and well advanced by Day 18 (Perry et al, 1976) . The data presented here suggest an association between conceptus elongation, intrauterine oestrogen production and secretion, and increased uterine blood flow in sows at a time critical for pregnancy recognition.
